A large number of histological investigations have been carried out on the innervation of the vertebrate pancreas at the light microscopic level (ZIMMERMANN, 1927; HAGEN, 1956; HONJIN, 1956; STOHR, 1957; etc.) , and it is widely accepted that in the interlobular connective tissue of the pancreas there occur, along the paths of the nerves, small ganglia containing a small number of autonomic ganglion cells.
In the present study the intrapancreatic ganglia of the chicken have been electron microscopically observed in detail, since, as far as the present author knows, intrapancreatic ganglion cells had hitherto been electron microscopically investigated by only two authors, RHODIN (1963) in the cat and WATARI (1968) in the monkey and bat.
On the other hand, the peripheral autonomic ganglia located in other sites of the body have been studied by many investigators and in various animal species with the electron microscope, such as the sympathetic ganglia by PALAY and PALADE (1955) , BARTON (1957) , TAXI (1957) , BARTON and CAUSEY (1958) , CAUSEY and BARTON (1958) , WYBURN (1958) , CRAVIOTO (1962) , GRILLO and PALAY (1962) , PICK (1963 PICK ( , 1967 , ELFVIN (1963a ELFVIN ( , b, 1968 , YAMAMOTO (1963) , FORSSMANN (1964) , PICK, DE LEMOS and GERDIN (1964) , SZENTAGOTHAI (1964) , DE LEMOS and PICK (1966) , HAGEN, KODAL and WITTMOSER (1967) , UNSICKER (1967, 1969) , WECHLER and SCHMEKEL (1967) , BECKER (1968) , HAMORI, LANG and SIMON (1968) , YOSHIDA (1968) , COLBORN and ADAMO (1969) , SEITE (1969a, b) etc., and the parasympathetic ganglia by DE LORENZO (1960) , HESS (1965) , TAKAHASHI and HAMA (1965a, b) , DIXON (1966) , TAKAHASHI (1967) , YOSHIDA (1968) , HUIKURI (1969) , and also intramural ganglia of the intestine by HAGER and TAFURI (1959) , RUSKA and RUSKA (1961) , KUBOZOE, DAIKOKU and TAKITA (1969) etc. The findings obtained by the above authors have been referred to in the present study on the autonomic ganglia in the chicken pancreas.
Material and Method
Small tissue blocks excised from the chicken pancreas were quickly cut into small pieces and fixed for 2hrs in an ice-cold, 6.25% solution of glutaraldehyde buffered at pH 7.4 with 0.1M phosphate buffer containing 4.5% sucrose. After this initial fixation the pieces were washed in the same buffer containing 7% sucrose and postfixed in an ice-cold, 1% solution of phosphate-buffered osmium tetroxide containing 4.5% sucrose.
Following rapid dehydration in a graded series of cold ethanol and treatment with propylene oxide, the pieces were embedded in Epon 812 (LUFT, 1961) .
The ultrathin sections were cut with glass knives on a Porter-Blum ultramicrotome and mounted on copper grids without supporting film. The sections were stained with uranyl acetate followed by lead acetate, and examined with JEM-7 and -7A type electron microscopes. In the chicken pancreas ganglion cells have often been found mainly in the interlobular connective tissue singly or in small groups along the paths of the nerves. They are always larger than exocrine and endocrine cells, being provided with a large, somewhat eccentrically located nucleus which contains a prominent nucleolus (Fig. 1) . The nucleoplasm appears light in general and the chromatin particles are almost homogeneously dispersed throughout the nucleoplasm. In the nuclear envelope there occur a great number of nuclear pores measuring about 600 In the perikaryonal cytoplasm of the ganglion cells are distributed Golgi complexes, dense-cored vesicles (granular vesicles), mitochondria, rough-surfaced endoplasmic reticulum, free ribosomes, neurotubules, neurofilaments, dense bodies (probably lysosomes) and multivesicular bodies ( Fig. 1-8 Fig. 2 . A portion of the perikaryon of an intrapancreatic ganglion cell. In the nucleus (N) a spindle-shaped inclusion showing a paracrystalline fibrillar structure and, on the right side, another, probably cross-sectioned one are seen. In the perikaryonal cytoplasm numerous mitochondria (M), Golgi complexes (G), abundant Nissl substance (NS) and dense bodies (DB) with homogeneous matrix of low density are observed. The surface of the perikaryon is naked to a lage extent, and covered directly by the basement mem-of a smooth membrane sac and a spherical central core of high electron density, and between both there is a narrow light halo. The dense-cored vesicles are frequently concentrated in the vicinity of the Golgi complexes. They are similar in dimensions and ultrastructure to the granular vesicles in the axoplasm of the unmyelinated preganglionic nerve fibers and synaptic endings (Fig. 9, 10, (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) . Agranular vesicles, which are contained in the synaptic terminals, have never been found in the perikarya of the ganglion cells.
The Nissl substance or rough-surfaced endoplasmic reticulum of the ganglion cells in the chicken pancreas consists of elongated flattened cisternae or tubules diameter are seen. In the Nissl substance (NS) attached ribosomes are sparse, while free ribosomes are numerous. Among the Nissl substance there appear cell organelles, such as numerous mitochondria (M), abundant neurofilaments (NF) and less numerous neurotubules (NT (Fig. 3, 4, 8 ).
Well-defined stacks of the rough-surfaced endoplasmic reticulum which deserves the name of Nissl bodies have been observed rather infrequently.
Numerous mitochondria are randomly distributed exhibiting variably shaped profiles ( Fig. 1-3 and run singly in irregular directions among the latter (Fig. 3, 5) . The neurofilaments and tubules both are gathered toward the origins of the neuronal processes they center.
In the perikaryonal cytoplasm there are scattered a number of dense bodies of varible shapes and sizes which probably correspond to lysosomes. They are bounded by a smooth limiting membrane. In some cases their matrix is almost homogeneous and not so electron dense (Fig. 3 ), but occasionally they contain finely granular material of high electron density and dense areas showing a myelin figure (Fig. 4) .
In other cases the dense bodies are on the whole very electron dense (Fig. 1, 7, 8 ).
Multivesicular bodies rarely occur near the Golgi complexes (Fig. 8 ). Preganglionic nerve fiber In the pancreatic ganglion of chickens there occur an abundance of unmyelinated nerve fibers. The majority make loosely packed, well-defined bundles of unmyelinated fibers. Some of the fibers are found close to the ganglion cell bodies, either singly or grouped in small clusters. A few thin myelinated fibers are usually found sporadically among the unmyelinated nerve bundles. Each unmyelinated nerve bundle is encased by a capsule composed of several layers of the flattened cytoplasm of probable perineural cells and collagen fibrils interposed between them (Fig. 13) . The unmyelinated nerve fibers are believed, for the most part, to represent preganglionic fibers and to contain partly postganglionic fibers originating from the In the axoplasm of the preganglionic fibers there appear in variable numbers neurotubules, neurofilaments, smooth endoplasmic reticula (probably partial dilations which often appear singly or in groups (14) (15) (16) the thickenings of the axon (Fig. 6 ). The mitochondria with rod-shaped or spherical profiles are scattered randomly in the axoplasm; the elongated ones are oriented parallel to the long axis of the axon. The axoplasm of rare myelinated nerve fibers is provided with cytoplasmic organelles similar to those of the unmyelinated nerve fibers (Fig. 10) . As shown in Figure 13 , thin cytoplasmic extensions of a Schwann cell enfolding a large number of axons are each electron opaque, so that they are easily distinguished from electron lucent axons. Between two closely adjacent axons a single thin cytoplasmic sheet is interposed (Fig. 10, 13 ). The oval nucleus of the peripheral satellite cell is rarely found in the nerve bundle and appears electron opaque (Fig. 13) . The cytoplasm contains a Golgi complex, a centriole ( Fig. 16 ), mitochondria, dense bodies similar to those of the perikaryon of Axons of such preganglionic fibers with rather small diameters contain, besides neurofilaments randomly distributed in electron lucid axoplasm, merely neurotubules and occasionally also sparse densely cored vesicles. The plasma membrane of such slender axons is for the most part separated by the thin cytoplasmic layer of the satellite cell from the perikaryon of the ganglion cell ( Fig. 2, 6 , 17, 23), but occasionally some axons come in direct contact with the perikaryon, the apposed wide ( Fig. 17, 23 ). These contacts should not, however, be referred to as synapses since the apposed plasma membranes show no sings of such membrane specializations as seen in the synaptic junctions. Besides these relatively slender preganglionic Fig. 18 . A synaptic terminal (ST) with abundant agranular synaptic vesicles of varying shape, a few large granular vesicles (GV) and glycogen particles (GP). It comes in simple contact on one side with a perikaryon (PK), and on the opposite side makes a synaptic contact with a dendrite (D). In the latter contact the pre-and post-synaptic membranes are thickened and increased in density and a dense material is gathered along the synaptic membranes. The synaptic cleft contains dense granular material. In the cytoplasm of the perikaryon and dendrite there appear mitochondria (M), Nissl substance (NS), multivesicular body (MB separated from the surface plasma membrane of the perikaryon by a thin cytoplasmic sheet of the satellite cell interposed between both elements (Fig. 17, 23) . A synaptic ending in Figure 18 is located in an indentation induced on the surface of the perikaryon with which it comes in direct contact. However, the juxtaposed plasma membranes of both constituents do not reveal any membrane specializations characteristic of synaptic junctions; on the opposite side this synaptic ending makes Fig. 19 . A small bundle of unmyelinated preganglionic nerve fibers near the perikaryon of a pancreatic ganglion cell. On the left border of this bundle, profiles of a dendrite (D) are present. Axons of preganglionic nerve fibers are wrapped partially with electron dense cytoplasmic extensions (SC) of the peripheral satellite cell, but some of them are naked and come in simple direct contact with each other. The same simple contacts are also seen between the dendrite and adjacent two axons, one of which contains many agranular synaptic vesicles, a mitochondrion and glycogen particles. Thus, within this nerve bundle the existence of the axo-axonal and axo-dendritic synapses is not confirmed. a synaptic junction with a dendrite arising from the perikaryon.
A similar situation is also observed in Figure 23 ; the surface of a synaptic thickening facing the perikaryon is isolated from the latter by a thin satellite cell cytoplasm and the Fig. 20, 21 and 22 . Three sections of the same dendrite, juxtaposed synaptic terminal (ST) and small preganglionic axon (PF), which are wrapped together by a nucleated portion of a peripheral satellite cell. The dendrite is separated into the proximal (PD) and the distal piece (DD) by an interruption. In the clear axoplasm of the synaptic terminal there are contained numerous round and elongated agranular synaptic vesicles and a few large granular vesicles, and in the dark cytoplasm of the dendrite mitochondria, dense bodies and Nissl substance are visible. In the dark cytoplasm of the peripheral satellite cell mitochondria, cisternae of the granular endoplasmic reticulum and free ribosomes are seen. In Figure 20 a synaptic junction is established between the distal piece of the dendrite and the synaptic terminal (axo-dendritic synapse), showing structural specialization in the pre-and post-synaptic membranes. In this figure the synaptic area is divided into two small areas (bi-focal), while in Figure 21 it appears uni-focal. The proximal piece and the synaptic terminal are separated by a dark cytoplasmic layer of the peripheral satellite cell. In Figure 22 the distal piece and the synaptic terminal are separated by cytoplasmic extensions of the peripheral satellite cell, and the latter comes in direct contact with the proximal piece without showing membrane specialization (simple axo-dendritic contact). BM basement membrane, CN connective tissue, FB fibroblast, N nucleus of a satellite cell, PK perikaryon of a ganglion cell opposite surface makes a synaptic contact with a dendrite. Thus, the axo-somatic synapse could not be demonstrated in the present study. In the chicken pancreatic ganglion the occurrence of this synapse, if present, may be concluded to be very rare. Axo-dendritic synapse Contrary to the axo-somatic synapses, numerous axo-dendritic synapses are observed mainly in the vicinity of the perikaryon of ganglion cells; the axons of the preganglionic nerve fibers oriented toward the perikaryon usually approach the root portion of the dendrites and form widenings or bulbous thickenings (varicosities) which contain a large number of synaptic vesicles, and between these synaptic terminals and root portions of the dendrites there occur synaptic contacts. Figures 20, 21 and 22 respectively show different sections of the same bundle of neuronal processes invested with a nucleated portion of a peripheral satellite cell. The bundle consists of an electron lucent synaptic terminal containing numerous synaptic vesicles, a small axon of a preganglionic fiber situated in the close proximity of the nucleus and two electron dense profiles of dendritic processes containing Nissl substance and mitochondria.
Probably the two dendritic elements respectively represent successive proximal and distal pieces of one and the same dendrite separated by a narrow space, and the distal piece is located near a peripheral satellite cell nucleus.
These pieces presumably represent somewhat distant parts of a dendrite away from the perikaryon.
In Figure 20 the synaptic terminal makes a synaptic junction with the distal piece of the dendrite. The apposed pre-and post-synaptic membranes exhibit a slight thickening and density increase and an accumulation of a dense material extends a short distance inside the pre-and post-synaptic memmaterial of the same electron density as the dense material inside the synaptic membranes. The synaptic site, however, is divided into two areas separated by a somewhat widened part of the synaptic cleft which appears as empty, so that it is regarded as a bifocal membrane thickening.
In the other section the same synaptic site between the synaptic terminal and the distal piece of the dendrite becomes single, namely unifocal (Fig. 21) . In both pictures the proximal piece of the dendrite is separated from the clear synaptic terminal by a dark thin cytoplasmic extension of the peripheral satellite cell. In another section, which is several sections apart from the one illustrated in Figure 21 , the synaptic terminal comes in direct contact with the proximal piece of the dendrite without making a synaptic junction, namely "active zone," in the juxtaposed plasma membranes (Fig. 22) . In this section the distal piece of the dendrite is separated from the synaptic terminal by thin cytoplasmic extensions of the peripheral satellite cell. In Figure 23 a cluster of several profiles of preganglionic axons and a dendrite are observed in close proximity to a ganglion cell body. Among them is found a synaptic thickening of the preganglionic axon containing numerous synaptic vesicles which is separated, as mentioned above, from the ganglion cell body by a thin cytoplasmic sheet of the satellite cell, but, as revealed by the occurrence of the membrane specialization, the opposite surface of the thickening makes a synaptic contact with a dendrite characterized by containing Nissl substance and dense bodies. Near this synaptic area, this synaptic thickening possesses a concavity which is juxtaposed to a thin axon of the preganglionic nerve fiber. This apposition of two preganglionic axons, however, proves to be a simple axon contact since no active zone is demonstrated.
In Figure 24 two synaptic widenings of preganglionic nerve fibers are observed side by side containing an abundance of synaptic vesicles and mitochondria.
They form synapses with two dendrites respectively which are characterized by the dense appearance of the cytoplasm and some organelles such as the Nissl substance, many neurofilaments, neurotubules and a granular vesicle (dense-cored vesicle) similar to that found in the nerikarvon.
In both axo-dendritic synapses, the synaptic mem- A synaptic terminal of the preganglionic nerve fiber illustrated in Figure 18 is located in a concave hollow induced on the surface of the perikaryon of a ganglion cell where it borders directly on the perikaryon without showing any characteristics of the synaptic junction. On the opposite surface, this synaptic widening comes in synaptic contact with a root portion of a dendrite protruding from the same perikaryon. In this axo-dendritic synapse, the membrane thickening, the accumulation of a dense material along the postsynaptic membrane and the synaptic cleft filled with a finely granular material are conspicuous.
In the postsynaptic area of the dendrite, a multivesicular body is observed between the mitochondria and Nissl substance.
In Figure 26 , two synaptic terminals of preganglionic fibers containing abundant synaptic vesicles, mitochondria and glycogen particles are found side by side in close contact, but the apposed plasma membranes of the synaptic terminals do not show any specialized areas characteristic of the synaptic membranes. A similar simple contact is also observed between one of these synaptic terminals and a small axon of the preganglionic nerve fiber adjacent to the right side.
A voluminous synaptic terminal of the preganglionic nerve fiber is illustrated in Figure 25 , being filled with an abundance of synaptic vesicles and mitochondria. This terminal is almost entirely encapsulated by electron opaque thin cytoplasmic extensions of the peripheral satellite cell and isolated from surrounding neuronal processes, most of which are thought, on account of containing considerable amount CN connective tissue, SC electron dense cytoplasm of a peripheral satellite cell. A large granular vesicle (GV) is detected in the of ribosomes and elements of the rough-surfaced endoplasmic reticulum, to be dendrites protruding probably from the neighboring ganglion cell body. Although the synaptic cleft is only partly visible, only on one side this terminal forms a synaptic junction with one of the dendrites where the apposed plasma membranes of the terminal and the dendrite show the thickening and density increase associated with the accumulation of an electron dense material along the plasma membranes.
Synaptic terminal and synaptic vesicles
Bulbous synaptic endings of the preganglionic nerve fibers generally appear electron lucent and show profiles of variable shapes and sizes (20) (21) (22) (23) (24) (25) (26) .
In the synaptic terminals few neurofilaments and neurotubules are identified. two constituents, however, are frequently missing in the synaptic terminal.
Discussion
As mentioned in the Introduction the existence of the ganglion along the paths of the nerves in the pancreatic tissue of vertebrates has long been known by light microscopy.
Electron microscopic observations on the intrapancreatic autonomic ganglion, however, have been carried out only by two authors; RHODIN (1963) reported on the pancreatic ganglion in the cat and WATARI (1968) in the bat and monkey, but the observations of both authors were mostly restricted to the perikaryon of the ganglion cell and the bundles of unmyelinated nerve fibers running through the ganglion.
The chief purpose of WATARI's observation was to study the synaptic endings of the autonomic nerve fibers in exocrine and endocrine pancreas. An electron microscopic study of similar purpose has been recently carried out also by KOBAYASHI and FUJITA (1969) in the pancreas of the dog, guinea pig and pigeon. Neither of these authors described the fine structure of the interneuronal connection to pancreatic ganglia which is one of the essential subjects in the present study.
As known in the autonomic ganglia in several animal species, the intrapancreatic ganglion cells of chickens contain in their perikaryon mitochondria, Golgi complexes distributed at various sites around the nucleus, Nissl substance, numerous lysosomes) and occasionally multivesicular bodies. In the present study the centriole in the ganglion cell has not been encountered as was demonstrated only by FORSS-MANN (1964) (CRAVIOTO, 1962; UNSICKER, 1967; WECHSLER and SCHMEKEL, 1967; BECKER, 1968; ELFVIN, 1968; WATARI, 1968; YOSHIDA, 1968; COLBORN and ADAMO, 1969, etc.) .
In the central nervous system the occurrence of granular vesicles in the perikarya of neurons was revealed by some authors; in the tuber cinereum of Xenoups elaborated probably in Golgi cisternae, and SUBURO and DE IRALDI (1969) observed in PEUTE (1968) suggested in a combined electron and fluorescence microscope study that these vesicles contain biogenic amine.
Here it comes into question whether similar cored vesicles occur also in the perikarya of the neurons of parasympathetic ganglia. DIXON (1966) and YOSHIDA (1968) In the light microscopic observations on the autonomic ganglion cells in human and rat intestinal wall (ITO, 1936; ITO and NAGAHIRO, 1937; ITO and KUBO, 1940) and in the submandibular gland of the dog (ITO and AOKI, 1939) (CRAVIOTO, 1962; FORSSMANN, 1964; TAKAHASHI and HAMA, 1965b; UNSICKER, 1967; BECKER, 1968; YOSHIDA, 1968; COLBORN and ADAMO, 1969) . TAKAHASHI and HAMA (1965b) calculated the number of nuclear pores in the tangential sections of the nuclear envelope of neurons in the chicken ciliary ganglion. In the chicken intrapancreatic neuron nuclear numbers, and in tangential sections they exhibited round profiles with a central dot, which was observed also by CRAVIOTO (1962) , UNSICKER (1967) and COLBORN and ADAMO (1969) ELFVIN (1963a) and DE LEMOS and PICK (1966) . ELFVIN (1963a) and YAMAMOTO (1963) Thus, the dendrites which are found in a considerable number around the perikaryon are nothing but the cytoplasmic prolongations of the latter.
In the present study neuronal processes which appeared closely around and protruded from the perikarya of the intrapancreatic ganglion cell and which are to be considered as neurites in ultrastructure have never been encountered. The occurrence of an axon hillock of the neurite in autonomic neurons was suggested by some authors; in neurons of the human sympathetic trunk the axon hillock forms a large area of the perikaryonal cytoplasm lacking in ribosomes a cytoplasmic area lacking ergastoplasm but containing a small amount of free ribosomes (YOSHIDA, 1968) . The corresponding cytoplasmic area has not been demonstrated in the perikaryonal cytoplasm of the chicken intrapancreatic ganglion cell. The majority of unmyelinated nerve fibers contained in chicken intrapancreatic ganglia make well-defined, large nerve bundles which are, as revealed WATARI (1968) in the pancreatic ganglia of the monkey and bat, enveloped by a capsule composed of several layers of the electron dense flattened cytoplasm of probable perineural cells which alternate with connective tissue layers composed of collagen fibrils (see also ELFVIN, 1963a; FORSSMANN, 1964; THOMAS and JONES, 1967; O'DALY and IMAEDA, 1969) . Unmyelinated nerve fibers found in autonomic ganglia may mostly be preganglionic fibers except for postganglionic ones (axons) protruding from the perikarya of the neurons of ganglia.
In the chicken intrapancreatic ganglion, differentiation between pre-and post-ganglionic fibers is difficult as suggested by BECKER (1968) in the study on rat uterine cervical ganglion. On the contary, ELFVIN (1963a) classified unmyelinated nerve fibers in the cat superior cervical ganglion into dense and light fibers, and took the former characterized by close packing of thick filaments (neurotubules) for nerve cell processes and the latter for preganglionic fibers. The nerve cell processes designated by ELFVIN may possibly be dendrites protruding from local ganglion cell bodies and do not seem to be postganglionic axons or neurites.
In the present study dendrites of chicken intrapancreatic ganglion cells, if not continuous with the perikaryon, are easily distinguished from the preganglionic nerve fibers on account of the electron dense appearance of the ground cytoplasm, the appreciable amount of Nissl substance (ergastoplasm) and free ribosomes as described above.
The ultrastructure of unmeylinated, for the most part preganglionic, nerve fibers in autonomic ganglia has been discussed by many investigators (DE LORENZO, 1960; ELFVIN 1963a, b; DE LEMOS and PICK, 1966; UNSICKER, 1967; BECKER 1968; WATARI, 1968) . The electron lucent axoplasm of preganglionic unmyelinated nerve fibers in the intrapancreatic ganglion of the chicken contains neurofilaments and neurotubules, smooth endoplasmic reticulum, cored or granular vesicles (1,000-diameter which often appear singly or in groups. Most of these axoplasmic organelles have been observed also by the above cited authors in several autonomic ganglia of various animal species. The occurrence of the agranular endoplasmic reticulum has been reported by BECKER (1968) in the study on the rat uterine cervical ganglion.
In the present study it has been found that agranular endoplasmic reticula may probably be formed by irregular dilatations of neurotubules. (ELFVIN 1963; UNSICKER, 1967; WECHSLER and SCHMEKEL, 1967; WATARI, 1968) . ganglionic fibers of the chicken intrapancreatic ganglion may possibly also correspond to those observed by WATARI (1968) and "peripheral" satellite cell (FORSSMANN, 1964; UNSICKER, 1967; BECKER, 1968) , but others merely with a single name such as "satellite cell" (CRAVIOTO, 1962; ELFVIN, 1963a ), or Schwann cell (DE LORENZO, 1960 (ELFVIN, 1963a; RHODIN, 1963; TAKAHASHI and HAMA, 1965b; UNSICKER, 1967 (EDWARDS, RUSKA and DE HARVEN, 1958; FORSSMANN, 1964; BECKER, 1968) . The formation of a loose myelin sheath investing the perikaryon, as revealed by HESS (1965) and TAKAHASHI and HAMA (1965a, b) in the ciliary ganglion, has not been confirmed in the chicken intrapancreatic ganglion. The nuclei of satellite cells were only rarely found in the chicken intrapancreatic ganglion. It is, therefore, conjecturable that perikarya of chicken intrapancreatic ganglion cells may be enveloped by a few somatic satellite cells. UNSICKER (1967) postulated in his study on the ganglion in the hamster adrenal medulla that every ganglion cell might be ensheathed by individual satellite cell sheath derived from several satellite cells.
It has been revealed in various tissues (HONJIN, TAKAHASHI and TASAKI, 1965; JABONERO, 1967; UMAHARA, 1968; WATARI, 1968) , that unmyelinated nerve fibers show beaded swellings or varicosities, containing synaptic vesicles and making synaptic contacts with effector cells. The same structure was confirmed by ELFVIN (1963a, b) in the interneuronal connections present in superior cervical ganglia of the cat. In chicken intrapancreatic ganglia, probable synaptic terminals were represented by thickenings of axons of preganglionic unmyelinated nerve fibers containing synaptic vesicles.
Concerning interneuronal synapses in autonomic ganglia of various animal species numerous ultrastructural studies have been carried out by many investigators (BARTON, 1957; TAXI, 1957; CAUSEY and BARTON, 1958; DE LORENZO, 1960; CRAVIOTO, 1962; GRILLO and PALAY, 1962; ELFVIN 1963a, b; PICK, 1963; YAMAMOTO, 1963; HESS, 1965; FORSSMANN, 1964; PICK, DE LEMOS and GERDIN, 1964; SZENTAGOTHAI, 1964; TAKA-HASHI and HAMA, 1965a; DE LEMOS and PICK, 1966; WECHSLER and SCHMEKEL, 1967; TAKAHASHI, 1967; UNSICKER, 1967; BECKER, 1968; WATARI, 1968; YOSHIDA, 1968; COLBORN and ADAMO, 1969; HUIKURI, 1969) . In autonomic ganglia the existence of axo-somatic, axo-dendritic and axo-axonal synapses has been proposed by the authors mentioned above. Dendro-dendritic synapses, however, were observed only by BARTON (1957) in the superior cervical ganglion. Also a few investigators described the presence of axo-axonal synapses (FORSSMANN, 1964; DE LEMOS and PICK, 1966; COLBORN and ADAMO, 1969) . Thus, the common interneuronal synapse types found in autonomic ganglia of several animal species are axo-somatic and axo-dendritic synapses.
The ciliary ganglia of the chicken are particular in this regard since they possess merely peculiar axo-somatic synapses, the so-called "calyciform synapses" (DE LORENZO, 1960; HESS, 1965; TAKAHASHI and HAMA, 1965a, b; TAKAHASHI, 1967) .
In other autonomic ganglia it has been shown by many authors that axodendritic synapses are generally frequent, whereas axo-somatic ones are infrequent (TAXI, 1957; CAUSEY and BARTON, 1958; ELFVIN, 1963b; YAMAMOTO, 1963; FORSSMANN, 1964; PICK, DE LEMOS and GERDIN, 1964; SZENTAGOTHAI, 1964; DE LEMOS and PICK, 1966; HUIKURI, 1969) . This is also the case with the synapses found in chicken intrapancreatic ganglia.
However, an opposite finding has been reported: that axosomatic synapses are more numerous and axo-dendritic ones rather rare in some ganglia such as frog sympathetic ganglia (PICK, 1963) , sympathetic ganglia in the hamster adrenal medulla (UNSICKER, 1967) and lizard stellate ganglia (COLBORN and ADAMO, 1969) .
In chicken intrapancreatic ganglia axo-somatic synapses have not been demonstrated clearly, but their existence should not be utterly denied since the observations in the present study have not been carried out in completely serial sections covering (DE LORENZO,1960; ELFVIN, 1963b; YAMAMOTO, 1963; FORSSMANN, 1964; TAKAHASHI and HAMA, 1965a; DE LEMOS and PICK, 1966; UNSICKER, 1967; WECHSLER and SCHMEKEL, 1967; BECKER, 1968; YOSHIDA, 1968; COLBORN and ADAMO, 1969) . Specializations of synaptic membranes have also been confirmed in axo-dendritic synapses of the chicken intrapancreatic ganglion. The specialized dense synaptic area corresponding to the "active zone" of TAXI (1967) usually makes a single area (uni-focal) but occasionally is divided into two smaller areas by an interruption in the membrane specialization (bi-focal). The synaptic in synapses found in the chicken intrapancreatic ganglion. This value is somewhat but agrees with that obtained by TAKAHASHI and HAMA (1965a) in the "synaptic complex" present in calyciform synapses of the chicken ciliary ganglion. As observed by several authors in the autonomic ganglia (ELFVIN, 1963b; TAKAHASHI and HAMA, 1965a; UNSICKER, 1967; BECKER, 1968) , the synaptic cleft found in chicken intrapancreatic ganglia is filled with a finely granular dense material. In this study simple interneuronal contacts without the formation of "active zones" have not been considered as synaptic junctions.
Concerning the synaptic vesicles contained in the presynaptic thickenings of axons, numerous observations have been reported without attaining any agreement. In the synapses found in peripheral autonomic nerve fibers innervating various tissues and organs there are seen at least three types of synaptic vesicles: 1) small agranular vesicles, 2) small granular vesicles of about the same size and 3) large granular vesicles. RICHARDSON (1964) On the basis of the combined occurrence of these three vesicle types they identified at least two types of nerve endings; one containing mainly the small granular vesicles and the other containing mainly the small agranular ones, and they confirmed that the large granular vesicles could occur in both types of nerve endings.
In the electron microscopic study on the innervation of the human parotid and submandibular gland both of which receive a dual innervation by the sympathetic and parasympathetic nervous system, NORBERG, HOKFELT and ENEROTH (1969) suggested that the nerve terminals of sympathetic adrenergic neurons could also be identified rons. Thus, they concluded that adrenergic axons contain small granular vesicles. GOSLING and DIXON (1969) , who observed in the axons of the rabbit kidney numerous membrane-bounded vesicles, classified them into three types; 1) small dense-cored and showed that 1) and 2) are by far the most common. (DIXON, 1966; WECHSLER and SCHMEKEL, 1967; PEUTE, 1968; YOSHIDA, 1968; HUIKURI, 1969) . HOKFELT (1968) BECKER (1968) in the rat uterine cervical ganglion.
Since UCHIZONO (1965 UCHIZONO ( , 1967 UCHIZONO ( , 1968 (LUND and WESTRUM, 1966; WALBERG, 1966; PENSA and CECCARELLI, 1968; BODIAN, 1970 and occasionally multivesicular bodies. The Nissl substance consisted of cisternae of endoplasmic reticulum studded by relatively sparse ribosomes and abundant free ribosomes. The nucleus of the ganglion cells located eccentrically in the perikaryon occasionally contained rod-shaped inclusion bodies consisting of a bundle of parallel filaments or fibrils. 2. The ganglion cells project their dendrites in a multipolar form, but a neurite could not be identified. The dendrites are electron dense in appearance and contain ample Nissl substance associated with free ribosomes.
In addition, they contain all the organelles which could be found in the perikaryon.
3. Unmyelinated preganglionic nerve fibers make large nerve bundles mixed with a few thin myelinated nerve fibers. Their axoplasm contains large granular vesicles identical with those found in the perikarya of intrapancreatic neurons, small perikarya and preganglionic axons. In the majority of the synaptic terminals there occur elongated or flattened vesicles in varying numbers, intermingling with the small round agranular vesicles.
7. The satellite cells, characterized by the high density of their cytoplasm, invest the perikaryon, dendrites and preganglionic axons with their thin cytoplasmic extensions.
At interruptions of this investment the basement membrane directly covers the naked surface areas of the neuronal elements. To the contrary, preganglionic axons are sometimes wrapped by a double or triple-layered cytoplas-
